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TABLE 2.-Cme~tion between &rainfall of May and June, the tempera- 
ture of June, and the yield of spring wheat. per acre, in ,South Dakota. 
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NOIENCLATUBE OF TEE UNIT OF ABSOLUTE PRESSWE. 
Hy CHARLES F. MARVIN. 

[Weather Bureau, Washington, Mar. 30, l9lS.l 

While scientists are striving to secure international 
uniformity of units, nevertheless, right in our midst we 
find growing up a diversity of practice which dl must 
deplore, regarding the nomenclature of pressure in abso- 
lute units, and which if not soon remedied will result 
in much future confusion. Pressure can be conceived 
only with reference to some area over which it acts, and 
pressure multiplied by area is a force. Since the dyne is 
the standard unit of force, a pressure of 1 d le per square 

sure. Indeed, since tlie concept pressure is inseparable 
from sonie area, science might be willinv to grant that 
expressions like "a  pressure of 1 dyiieP' has the same 
meanin RS * ' a  pressure of 1 dyne pn.  square ceii,timeler", 

unit of pressure is a unit. of force on n unit area, and no 
particular nniiie for this unit. is really required. The 
pract.ive and usage through the course of the last decade 
or more relative to the introclucbion of the names "hnracl", 
"barye", "I)ttr", etc., MI names for zd)solute units of res- 
sure is briefly iudicat.ed in the following statement. F rom 
notes furnished by C. F. Tallman nnrl Clevelnnd Abbe, jr., 
United States Weather Bureau. 

A conimitt,ee on uniformity of units of the Brit.isli 
Association for the Advancement of Science recomniended 
(see report of the Association for 1888, p. 28): 

The unit of pressure on the C. G .  8. systein of units. i. e.. t.he pressure 
of 1 dyne per square cent,iiueter, to be called 1. barad. 

Bt the International Physics Congress at, Ptwis, 1900, 
U. Guillaume proposed that the name bwyt? he applied 
to tshe megadyne per square centimet,er. His roposal 
was referred to a conimittee on units, of which P le was a 
member. This comniittee unauiniously recommended 
that the name barye be applied to the dyne, instead of 
the megadyne, per square centimeter. The report of 
the coninlittee was presented at the find session of tlie 
congress, but, 80 far at? appears .from the procPs-vwba.i.i.z, 
no a.ction8 ' ~a t i  taken OR. i.t. 

T. W. Richards and A. E. I<ennelly employed the 
term "bar" to signify a pressure of 1 dyne per square 
centimeter, having either selected t,he term independ- 
ently or taken it as an abbreviated variation of the terms 
" b a r d  " (British Association conimittee) or ' 'barye" 
(Physicists' Congress, 1900). Other instances of re- 
stricted use of the terms barad and me abar are found: 

h a r e  and Laby (1911), pa e 5 and pa e 37, and Smith- 

309 and 316, respectively. 
Meteorologists have long lied occasion to espress 

atmospheric pressures hi absolu t.e twrns,s hut! it remained 
for Bjerknes to recognize the peculiar convenience in 

square centimeter as n unit of pressure, and, through 11s 
pupil J. W. Sandstr6m,4 to introduce it-without assign- 
mg it  a special name nt the time-in his epochal investi- 
gations into the hydrodynamics of the sea and the atmos- 

centimeter seems to constitute the logicn T unit of pres- 

etc., un B ess some other area is named. In other words, B 

e- g., Tables of Physical and (liemica 5 Constants, by 

soiiian Physical Tables, fi B th and sixt. 7 1 editions, pages 

hydrodynamics and atmospherics of the megadyne y?- 

Richards, T. W., in Carnegie Institution of W.whington, Publica- 
tion No. 7. Wwhington. 1903. pp. 43-*3. 

Kennellv. A.  E., in Proc. Am. instit. elect. enp.. 1309. 2.6: 706. 
e. g., Abbr, C. Preparato studies for deductme inethods in storin 

and weather predictions. Tashjngtun, 1890. p. 62. (bnn. rpt., 
C. S. 0. 1SS9, -4 p. 15.) 

San&triim, J? W., & Helland-Hamm, B.  Uebcr die Berechnung 
von Meereeatroiiiungen. Bergen, 1903. So. pp. 2, 1-1-15. (Report 
on Norwegian fishery and marine investigations, v. 2, 1902, No. 4.) 



74 MONTHLY WEATHER REVIEW. FEBRVAHY, 1‘31s 

phere. It soon became desirable to avoid the circumlo- 
cution of calling the unit “one million dynes per sjc unre 
centimeter”, and Bjerknes proposed to call it the “b~ r “  
-1 me adyne per square centimeter, with its subdiri- 

with the method of numeration of the C. G. S. sy~ te in .~  
Prof. Bjerknes’ own account of the origin of tliis unit, the 
“bar”, follows.” 

When fourteen yeam ago I began to occup myself with problems 
concernin the dynamics of the atmosphere an8 the sea. I encountered 
many di&ulties of terminology. Cumbrous expressions such as: 
“Pressure at that height where gravity potential is z.10’ C. G. 8.- 
unita”, or “gravity-potential a t  that height where p.resslire is y..W 
C. G. S.-units”. ~8 well as the corresponding expressions conccrning 
dynamic conditions a t  different depths in the se~, recurred again and 
again: often pn the w n e  page. I therefore coined the terms *‘bar’’, 
“decibm”, centibar”, and *‘rnillibm‘’, aa lllunes for the riiiitv of 
pressure; “dynamic hei-ht”, “dynamic depth”. aa synnnyma for 
gravity-potential, and fh ly  “dynamic metre”, “dyirunic deci- 
metre”, etc., for the units of this quantity. In place. then, of the 
cumbrous ex ressions which prevailed forme:ly. we now hzw “Pres- 
sure at the teirht of x dynamic metres”, Dynamic height of the 

mbar?’ with respect to the atmosphero, and with respect 1 0  
%?~?‘%ressure at the depth of 2 dynamic metres”, “dynamic depth 
of the pressure y dhar”. 

I employed these expressions for the first time in a paper pul &shed 
in 1906,’ and expected th&t criticism would bo di-rected agtinst them. 
as the use of new t e rm usually provokes opposition: but they pzssecl 
without comment. and consequently a discussion which mi:ht have 
proved fruitful did not arise. On the contrary, other writers fuun~l the 
expressions convenient and adoptsd them. They will lie found 
throughout a series of important papers bearing upon hydrogrqhy I J Y  
Sandstriim, V. W. Ekmzn, and Helland-Hanaen, and they hlve. 
further, been regulirly employed in the officid pu1,licitious of the 
L‘Conseil perminent Internationsl pour l’explor~tion dc 13 mer” iu  
Co nhagen. 

protests havin appeared: I did not scruple to mslie use of this 
terminolog in my fook “Dynamic Meteorology and IIydro:r.xphy ”, 
of which tie first two volumes have sppewed both in English and in 
German. Should this book and its annexed numencal tables lizw 
given rise to a more extended use of the terminology from year to y a r .  
I am no longer able to prevent it. * * * 

This system of nomenclature, according to which the 
millibar = 1,000 dynes per square centimeter. was urgefl 
upon meteorolo ists in 1909 by W. KOppene also; and 

sions o f decibar, centibar, iniuihar, etc., in accordance 

was formally a di opted in 1912 for use in aero7cy9 by a 
~~ 

* B j ~ r h e s ,  v., & Sandslrom. J .  Ff-. Hilhgr6ssc.n zur Dcrcd~nui~g 
der Druckverteilung in der Atmos hPe  an der iiitcriiatilIiiuleili RLgcii 
1900-1903. Reitriige zur Phytik (3: fr. AtmoyhZire, Ptrawbiirg, l!W, 
2, heft 1, 1-17. 2 plates. 

Knctdsen, Hurt in,  in Bull. triniestr.. Perinmeat. internat. rviw+ils f.  
Meeresfowrh., Kglbediuvn, 1905-6, No. 1. Pt. B. p. 65 m l  rktrts. 
[Knuclueii here simply etatea “AB the unit of pressure ha9 bwn c l i~wi i  
B pressure of IO5 (7. G .  S. units. it i 3  n e d y  equal to 1/10 atiI1o+hc-re *iv1 
is palled a decibar . . .” This publicatiuii h.as continued the u w  
of the unit to date.] 

8 Quarterlv ‘onrnd, Royal mekclrological society, LO~JIJ I I .  :I i d  
1914.40: 166, 8, 

‘I &rr?.-n48, V., ‘& Snndstrom. J. W., op. cit., Reitr. z. Phys. d. freien 
Atmos hare, 1906, 2:1, where the write aa follows: “. . Da 
unser Eiel eine weitergehende Disiussion der Dynamik der itmos- 
phiire ist, konnen \vir uns nur mit absoluter N m e  Ledienen. Daher 
mum die wohnliche irrationelle Druckeinheit, daa mm Ifg., aufgeben 
und durcpeine entsprechende, dem ahsoluten Massayateme angehor- 
ende Einheit ersetzt werden. -41s Bolche praktische Einheit i u t  oft 
die Megadyne pro Quadratzentimeter vorgeschlagen worden. liiese 
Einheit werden wir ein Bar nennen. Das Bur wud in De& Zenti-. 
und Millibar geteilt, und dss Millibm ersetzt das my,Hg. Daa Milli1)ar 
be- sehr d e  f oder genauer 0.75006 mm Hg. [The continue 
with a description of the “dynamic meter” and its adYvantages.1 

this P-EVIEW, March. 
1914,42: 141, came too late; and the proposalty T. W. f i  . c h ards there 
quoted probsbly escaped the attention of all meteorologists hecsiise 
not earlier published rn a meteorological journal.-c. A., jr. 

Kcjppen, Wladindr. Vorwhlag, alle Luftdruckmessungen in all- 
meinom Kraftma9S anzugeben. Meteorol. Ztachr., BraunschweiF, 

Eai, 1909, 26: 198-201. 
Do. Ex reas all barometric measurements by ordinary genernl unics 

of force. ~ O N T E L Y  WEATEEB REVIEW, Washington, March, 1909,37: 
92-93. 

-4. A., Jr. 
*The protest published by A. E. Kennel1 

recommendation of the Internationd Commission for 
Scientific Aeronnut,ic.s, a t  a, meeting in Vienna in 1912, 
nn action lnter approved by the International Meteoro- 
lomica1 Committee at the Rome session in 1913. 

Pn the meantime the new units were introduced ex- 
tensively into international statistical meteorology, as 
shown by tl:c followin statement. 

recording upper-air obseirations since 1907, and for geu- 
ern1 ob: je r~r l t i~~~s  ata “observat~ories” (i. e., certain first- 
ordor st.iit,ions) since 1911. They have been used on the 
Brit.isli t ln i l~ weather map (Daily Weat.lier Report! since 
May 1, 1914. A11 the regular British st.at.ions were 
quipped with buroineters for reading to millibai- during 
the yew 1914. The Royal Met,eorological Society liw 
been engaged for some years in preparing new normals of 
atinosphcric premire for the British Isles, and has used 
the iiii11ihr 111 t,!iis compdat.ion, which haw not yet been 
pubhhed. (Miil! !i h n u d  Report ?Vht.eOI’Ohgkd COm- 
inittec, 19:-1? 1) .  ri3-lj5: Teiit>li Annunl Report. 1915, p. 
30 1. Miliib:i?.s :I :‘P used in tlic important int~er.uat~ion:il 
publirnhns of ti ie 13rit.ish Mct.eoroIogica1 Ofire kno\nn 
as *‘RCsesu Mloiiclinl ”, of which t,he first annual volume, 
corriyondiug to t:he year 101 1, appeared in 1<)1i. 

Millibars hare been used on the French daily weather 
map (13ulletin Int,ernnt.ional M6thorologiquel since Jim- 
unrj- 1 .  1017, and it is understood that they have been 
adopted for general use 1) the French niet.eorologicd 

publications of cla.ta for 2017 et seq. (None of these, 
except the weather map, hns reached us.) Millibars 
have been adopted for official meteorological ohserva- 
t.ions in the Brit.ish colonies of Maurit,ius and British 
Cuiniia (Yat.ure. IJondoii? nec. 23, 1916. p. 333). 

Millibars were used by the Unit’ecl St.ates Weather 
Bureau on its Weather Map of the Nort,herii Hemis- 

ublishecl January 1 to August 6, 1914. They R””:, BVL been used in the upper-air observat.ions of the 
bureau since the publication, in 1916, of the clat:\ for 
1915 (Monthly Weather Review lement No. 3, p. 5). 

The Internat,ionnl Meteorolo Coiiiniitkee? :It its 
niert.ing in Rome, 19 13, Int.ernationn1 Coni- 
mission for Scient.ific publish upper-air 
data in both niillimeters and millibars, beginning with 
the observations for the year 1913. 

The pu1)licat.ion of aerological observations has been 
greatly clelclyecl by the present war, but reports of kite 
and balloon observat.ions now being received from tlie 
Canadian Meteorological Office, give pressures in con- 
formity with the vote of the International Meteorological 
Coniniitt.ee. 

[So iar as linuwn tD the Weather Bureau, the Blue Hill Observstory, 
whose reports are pulilished in the Annals of IIarvsrd College Obeerv- 
atory, is thc only meteonhgical institution iii the world that pub- 
lislie.+ its pressure rhscrvntioiis in units of 1 bar=l dyne per equare 
ccntimeter.] 

Conimittees of the t3ritish Association m d  of the Inter- 
natioixi.1 Phvsicnl Congress of 1900 voted in hvor  of the 
naiiies barnrl cnd haye, rcapectively, for the unit 1 dyne 
per square centimeter. The growing tendency ameng 
c1iemist.s n.nd physicists soenis to be, however, to neglect 
these Iiij,Incs proposed by their own conventions and to 
employ tlie t e r m  bar doptecl by the International Mete- 
oro1ogic:il Committee, but wiving to it R new value only 
one-millionth xs large as tEat voted by the Committee 

The confusion arising from this diversity of usage 
could, of course, be partly svoided by a strict discrim- 
ination between the terms I‘bar” on the one hand and 

The Brit.isli 3kt.eoro F ogical Office has used niillibnm in 

service (Bureau C!ent.ral 1 I BtBorologique tie France) in 

which idopted it. 
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exhaisted variia. as in elcrtris-- 
likht bnlbs, S-ray tiihes, etc. 

Presstire in hizhert recions o1 the 

“barad” or “barye” on the other. This discrimina- 
tion is seemingly as justifiable as that now fully estab- 
lished and familiar to all in the sigiiificatioii of such pre- 
fixes as deci- and dektc. 

For the pu ose of contrastin the application of the 

of science, I tabulate below the nanies and ~nngnitudss 
of certain of the more familiar pressures dealt with by 
meteorologists, physicists, and others. 
Gonaparkon of scales of pressici-e now in iise niid their tmii i i idogies .  

dual system o 7 terminology to t Q e various requirements 

nh’oltar. 

1On id~T0har.F. 
:Minar;. \.a?i!a= 1 to 

=10 millibars.. . .._. . ._ 

S~troroln?iral x d e .  I 1 bar-1 nn!rwl!-nr. per 
rqusrc wntinirler. 

Native o! the prepsure. 

Prrwire 01 a wind hloainn ahout 
50 miles per hoia arainst a 
\r.all. a person wdkin?, etr. 

Sustainin: prcssriir on the slip 

- 4  ruillii~ars.. . . . . . . . . . 
-2 t.n 3..i niillilarr.. . ._ 

Pressure 01 waier vapor at its -?2I)bar!: _._._.._._..__ 
Pressures ai. rhe Srratest dvptlis =I iirr?ga1i*r-lI:Oa).MO 

criti!.d trin]icraiiae. 

of the PCD (10 kiloinctersl. ham. 

=I  rentibarad. 

= I  to 100 bar*& 

-10 hilubar%ls. 

-2 1.0 2.5 kilobarads. 

It is apparent froni this table that probahly litkle or 
no occasion will ever arise in science to make practical 
use of the subdivisions micro-, niilli-, and ccntibn~nd of 
the physical scale, which moreover affords no con- 
venient prefises or terms to designate the very great 
pressures. In  other words the unit, ba7n.d=1 dyne per 
square centimeter, is too small to conveniently meet the 
general requirements of all branches of science. 

On the other hand, in the meteorological scale the 
submultiples micro-, milli-, centi-, and the unit itself, bar, 
are available to the fullest estent for the sniall pressures 
encountered in nature and the great multi les, expressed 

to desi ate the really great pressures with which science 

Consistt.ny.-It is claimed the name bur must he cun- 
sistently applied to the basic unit of the C. 0. S. system. 
This ar ment from consistency loses force when i t  is 

inconsistency of this character.IO 
The meter is the international standard of length, but 

the cmti?netm is adopted as the more convenient, unit of 
length for the basis of the C. G. S. system. 

The Director of the United States Bureau of Standards 
has kindly called niy attention to a remedy for the 
inconvenience in practical science growing out of tlie 
size of the units of the C. G..S. s stem, which remedy 

frigeration meetin a t  Paris in June, 1909, and later 

of Weights and Measures.” This proposal offers a sup- 

by the prefixes kilo- and mega-, are neede z and available 

must 8fi” so deal. 

noted t F at the whole C. G. S. system involves a kind of 

mas proposed by the Internationa s Association on Re- 

considered and ela 73 orated by the International Bureau 

lo See also the discussion of consistency in I~ONTIILY KEATHEI: Rr- 

I1 Prods-Verbaux. 1.911. p. 209. Coniptes IEeudus of the Con- 
VIEW, March, 1914, 42: 142. 

fbreace Gbabrale des Poide et Mesurea. 1913. p. 14; 5140. 

plemental system of ractical units based, like the C. G. S. 

time, the units chosen being the meter,%ilograrn, and 
second, Here, again, the kilogram in this M.K.S. 
system introduces an inconsistency of the kind men- 
tioned above for the C. G. s. systeni.Ia Entire consist- 
enc with an arbitrary ideal obviously can not be realized 
wit i? out radical changes in and modification of well- 
established nomenclature. Several important ractical 
units conforniing to the M. K. S. system have Fl een de- 
fined and sanctioned by international convention. 

The derived units in the C. G. S. system by convention 
are given names based on Greek roots, whereas the 
names of the derived units in the M. K. S. system are 
pro osed to he based on the names of great scientists, 

hns been proposed as the nnme of the unit of pressure. 
Suiiiniariziiig the foregoing we ma say that the Inter- 

national Coniniittee on Scientific d eronautics and the 
International Meteorological Committee formally adopted 
and recommended for international use the term bar, 
meaning a pressure of one megadyne er square centi- 

pressuro of one dyne per square centimeter, have little 
or only a slender basis of international sanction and 
appear to be less acceptable to the physicists than the 
term bar, which t-hey use with a cliffereiit meaning than 
that sanctioned by international convention. Obviously, 
therefore, a condition of serious confusion exists in these 
niatters, and it is earnestly hoped that means ma be 
found whereby international action on the part o s all 
int.erests concerned in this new pressure unit, can be 
secured at an early date in order to avoid the confusion 
that must otherwise result. 

In  the meantime, the U. S. Weather Bureau has no 
choice but to continue, and doubtless increase, its use of 
tlie bar as a unit of pressure, in accordance with interna- 
tional convention. 

system, on the fun cp amental units of len th, mass and 

ns 1 P lustrnted by Volt, Amphe, Watt, etc., and *Pascal 

meter, whereas the ternis barad and. B aye ,  meaning a 

UNITED STATES DAYLIGHT SAVWG ACT OF MARCH 10,1018. 

(Tlic U. S. Weather Bureau is so deeply affected by the daylight- 
enving act that it  seems desirable to reprint the text for convenience of 
fii ture reference.+. A., jr.) 
AN ACT To dave daylight and to provide standard time for the United 

S t a b .  

Be it enwctcd by the Senate and Eowe  of Reprtsentn.tives 
of the U d e d  States of Am.ericcc i n  Congress a,ssembled, 
That for the urpose of establishing the standard time of 

States shall be divided into five zones in the manner 
hereinafter provided. The standard time of the first 
zone shall be based on the mean astronomical time of 
the seventy-fifth degree of longitude west from Green- 
wich; that of the second zone on the ninetieth degree; 
that of tlie third zone on the one hundred and fifth 
degree; that of the fourt,h zone on the one hundred and 
twentieth degree; and that of the fifth zone, which shall 
include only Alaska, on the one hundred and fiftieth 
degree. That t,he limits of each zone shall be defined by 
an order of the Interstate Commerce Comniission, having 
regard for the convenience of commerce and the esist.ing 
junction points and division p0int.s of common carriers 
engaged in commerce bet.ween the several States and with 

I P  See disciisaioy of the proposed units of acceleration and geo- 
potential. “g.d”, leo”. “lenmeter”, etc.. in t.his REVIEW. January, 
1914: 42: G, 142. 539. Also The Observer’s Handbook (Met’l. Off. no. 
191), 1913 ed., p. xxiii; 1917 ed., p. xxiii, xxv. 

the Uiiiterl l tates, the territory of continental United 


